Introduction
The carbon catabolite repressor protein 4 (CCR4)-negative on TATA (NOT) complex includes multiple subunits and is conserved in the eukaryotic cells. The CCR4-NOT complex can regulate gene expression at different levels. 1 Two subunits of the CCR4-NOT complex, CCR4 and CCR4-associated factor 1 (CAF1), possess deadenylase activity. In yeast, the deadenylase activity is mainly provided by the CCR4 subunit; however, the deadenylase activity is provided by both CCR4 and CAF1 (also called CNOT7) in other eukaryotes. 2 Schwede et al 3 reported that CAF1 rather than CCR4 is required for the decay of a reporter mRNA with AU-rich element (ARE) at 3′-untranslated region (3′-UTR). ARE-mediated mRNA decay plays an important role in posttranscriptional regulation in inflammatory mediator expression. 4 Tristetraprolin (TTP) is a tandem zinc-finger RNA-binding protein that can bind to the AREs in 3′-UTR and then lead to mRNA deadenylation and degradation. 5 We have shown in a previous study that TTP regulates intercellular adhesion molecule-1 (ICAM-1) and interleukin-8 (IL-8) expression by destabilizing their mRNAs in human pulmonary microvascular endothelial cells, 6 and then we demonstrated that TTP interacts with CNOT1, the scaffold subunit of the CCR4-NOT complex, to recruit CAF1 and thereby induces degradation of ICAM-1 and IL-8 mRNA. 7 A previous study has also shown that TTP could bind to CNOT1 which then recruits CAF1 to target mRNA. 8 Both ICAM-1 and IL-8 play important roles in acute inflammation with polymorphonuclear neutrophil (PMN) chemotaxis, adhesion, and infiltration into the lung tissue during acute lung injury. 9 Subsequently, overactivation of PMN can release myeloperoxidase (MPO) and then induce lung tissue damage.
Although CAF1 plays an important role in the regulation of ICAM-1 and IL-8 expression in vitro, whether CAF1 could regulate ICAM-1 and IL-8 expression in vivo and eventually affect acute lung injury remains unknown. In the present study, we examined the effects of CAF1 deficiency on IL-8 and ICAM-1 expression and acute lung injury in mice. Here we report that the lung histology, MPO activity, and protein and mRNA levels of IL-8 and ICAM-1 in unstimulated wild-type mice were comparable to those in unstimulated CAF1-knockout mice. However, lipopolysaccharide (LPS) stimulation led to more severe lung histological injury, higher MPO activity, and greatly higher IL-8 and ICAM-1 expression in CAF1-knockout mice compared to the wild-type mice. These results, together with our previous study, suggest that CAF1 is involved in the regulation of LPS-stimulated IL-8 and ICAM-1 expression in vivo and affects the progression of acute lung injury. 
Materials and methods

generation of CAF1-knockout mice
The gene-knockout mice were generated according to the procedure of a previous study. 10 Production of cas9 mRna and sgRna T7 promoter was added to Cas9 coding region by polymerase chain reaction (PCR) amplification using primer Cas9 F and R. T7-Cas9 PCR product was gel purified and used as the template for in vitro transcription (IVT) using mMESSAGE mMACHINE T7 ULTRA Kit (Thermo Fisher Scientific). Vector pUC57-T7-gRNA was digested by Bsa I. CAF1-S1a(GTC TTG CAA CAA CGC C), CAF1-S1b (ACT ATC AGT ACC AAC TGT TG), CAF1-S2a (TCA TAA AGG TCA GTC CGA GC), and CAF1-S2b(AAC AGG GAG AAT ACC CTC C) were ligated to pUC57-T7-gRNA (Bsa I). Single colonies were picked from each transformation plate and were identified by PCR and sequencing. The sgRNA was transcribed in vitro. Both the Cas9 mRNA and the sgRNAs were purified using MEGA clear kit (Thermo Fisher Scientific) and eluted in RNase-free water.
Zygote microinjection and implantation
C57BL/6J female mice and B6CBF1 (C57BL/6J×CBA) mouse strains were used as embryo donors and foster mothers, respectively. Super-ovulated female C57BL/6J mice (3-4 weeks old) were mated with C57BL/6J stud males, and fertilized embryos were collected from oviducts. Cas9 mRNAs (from 20 to 200 ng/mL) and sgRNA (from 5 to 50 ng/mL) were injected into the cytoplasm of fertilized eggs with well-recognized pronuclei in M2 medium (Sigma-Aldrich). Thereafter, 20-25 fertilized eggs were transferred into the uterus of pseudopregnant B6CBF1 females at 0.5 dpc. 
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animals and treatment
Eight-to 12-week-old CAF1-knockout (n=6) and wildtype mice (n=6) were obtained from the Model Animal Research Center of Nanjing University. Animals were maintained in standard cages in a temperature-controlled room (22°C-25°C) with a 12-hour light-dark cycle, with ad libitum access to food and water. The mice model of acute lung injury was produced by intraperitoneal administration of LPS at 15 mg/kg according to a previous study. 11 The control mice received normal saline (NS). All the animals were divided into four groups (n=3 per group): 1) wild-type mice with NS, 2) wild-type mice with LPS, 3) CAF1-knockout mice with NS, and 4) CAF1-knockout mice with LPS. The whole blood was collected from mice orbit 8 hours after NS or LPS administration. The mice were humanely sacrificed by cervical dislocation and lungs were removed. All procedures were approved by the Animal Care and Use Committee of the Model Animal Research Center of Nanjing University (Nanjing, People's Republic of China), and all experiments were conducted in accordance with the guidelines set by the Animal Care and Use Committee of the Model Animal Research Center of Nanjing University.
histopathological examination of lung tissue
The mice lung tissues were flushed with ice-cold phosphatebuffered saline and slit open longitudinally, and then the lung tissue samples were fixed with 10% neutral-buffered formalin and embedded in paraffin, cut in 5-μm-thick sections, and then stained with hematoxylin and eosin. The stained sections were examined for histopathological changes by a respiratory pathologist.
Measurements of MPO activity in lung tissues
The mice lung tissues were homogenized and dissolved in extraction buffer to test MPO activity. In order to analyze the accumulation of PMN, the MPO activity was assessed using MPO assay kit according to the manufacturer's instructions.
Western immunoblotting experiments
The mice lung tissues were frozen in liquid nitrogen and stored at −80°C. The frozen lung samples were homogenized in lysis buffer for Western blotting or IP containing 1% Triton-X 100 and Protease Inhibitor Cocktail. The procedure of Western immunoblotting was as previously described. 7 Forty micrograms of total proteins were separated on 10% Sodium dodecyl sulfate (SDS)-polyacrylamide gels. The primary antibodies (CAF1 antibody, ICAM-1 antibody, and β-tubulin antibody) were diluted at 1:1,000 with phosphate buffer solution containing 0.1% Tween-20 (PBST) containing 5% bovine serum albumin. The alkaline phosphatase-conjugated secondary antibodies were diluted at 1:5,000 with PBST containing 5% bovine serum albumin. The polyvinylidene fluoride (PVDF) membranes were incubated with the BCIP/ NBT Alkaline Phosphatase Color Development Kit until color development was achieved. The band images were acquired by BenQ Scanner (5560C) and analyzed using ImageJ software (http://rsb.info.nih.gov/ij/).
enzyme-linked immunosorbent assay
The whole blood was collected from mice orbit and centrifuged at 3,000 × g for 10 minutes, and the blood plasma was collected and stored at −80°C. IL-8 levels in blood plasma were measured using an IL-8 ELISA kit according to the manufacturer's instructions. The standard curves were constructed using mouse IL-8 standard. Absorbances were read at 450 nm using a microplate reader, and the concentrations of IL-8 were calculated according to the standard curves.
Rna isolation, cDna synthesis, and real-time PcR
Total RNA was abstracted using TRIzol reagent from the lung samples frozen in liquid nitrogen according to the manufacturer's instructions and synthesized as previously described 7 and then analyzed with real-time PCR performed using an ABI 7500 Real Time PCR System (Thermo Fisher Scientific). The PCR amplifications were performed using the SYBR Green PCR Master Mix according to the manufacturer's instructions. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used as the control. Amplification conditions were as follows: 50°C for 2 minutes, 95°C for 10 minutes, 40 cycles of 95°C for 15 seconds, 58°C for 30 seconds, and 72°C for 30 seconds, followed by melting curve analyses, by which the specificity of primers was confirmed. 
statistical analyses
Statistical analyses were performed by SPSS 19.0 (StataCorp LP, College Station, TX, USA). Differences between the groups were analyzed using an independent sample t-test. Two-tailed probability values of <0.05 were considered statistically significant. Error bars on images represent standard error of the mean.
Results
Targeted disruption of the mouse CAF1 gene
The CRISPR/Cas9 gene-knockout technique was applied to disrupt CAF1 gene. The procedure is as described earlier.
The mouse CAF1 gene was mutated by deleting the amino acids 128-151 in exon3 (mouse CAF1 GenBank accession number U21855) and inserting double "T". Both male and female CAF1 − / − mice were apparently healthy and exhibited no significant abnormalities in external appearance. As shown in Figure 1, (Figure 2A and B) . In contrast, lungs from wild-type mice with LPS stimulation demonstrated characteristics of acute, diffuse alveolar damage, lots of effusion liquid rich in fiber protein in alveolar space, neutrophil infiltration, and pulmonary edema 8 hours after LPS administration ( Figure 2C ). Compared to the wild- Figure 1 Mouse CAF1 gene knockout abolishes CAF1 protein expression. Notes: Western immunoblot band density data showed that CAF1 gene knockout greatly reduced CAF1 levels and CAF1 band was nearly undetectable in CAF1-knockout mice. Western immunoblot band density data are expressed as mean ± seM. n=3, #P<0.05 vs wild-type mice. an independent sample t-test was used. Abbreviations: WT, wild-type mice; KO, CAF1-knockout mice; ns, normal saline; lPs, lipopolysaccharide; seM, standard error of the mean. type mice with LPS stimulation, lungs from CAF1 − / − mice challenged with LPS showed more severe alveolar damage, more effusion liquid in alveolar space, and more severe pulmonary edema ( Figure 2D ). These results indicate that CAF1 deficiency deteriorated the lung histopathologic changes after LPS stimulation.
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MPO activity in wild-type and CAF1
Since MPO is mainly released from PMN, we analyzed the MPO activity of the mice lung to indicate the presence of PMN. Wild-type and CAF1 − / − mice were treated with NS or LPS for 8 hours, and then the lung tissues were collected for assaying MPO activity. As shown in Figure 3 , MPO activity in wild-type mice with NS stimulation was similar to that in CAF1 − / − mice with NS stimulation. There was a significant increase in MPO activity in CAF1 − / − mice treated with LPS compared to the wild-type mice with LPS stimulation.
Il-8 and IcaM-1 protein levels in wild-type and CAF1
We reported in a previous study that CAF1 is involved in tumor necrosis-induced ICAM-1 and IL-8 expression in vitro. 7 However, whether CAF1 could affect ICAM-1 and IL-8 expression in vivo remains unknown. So, we examined the effect of CAF1 deficiency on IL-8 and ICAM-1expression in vivo. Wild-type and CAF1 − / − mice were treated with NS or LPS for 8 hours, and then the blood plasma and total proteins of lung tissues were collected for ELISA and Western immunoblot experiments, respectively. As shown in Figure 4A Notes: MPO test data showed that MPO activity in CAF1-knockout mice treated with ns were comparable to those in wild-type mice. It indicated a significant increase in MPO activity both in wild-type and in CAF1-knockout mice following lPs stimulation, and MPO activity in CAF1-knockout mice was significantly higher than that in wild-type mice. The data are expressed as mean ± seM. n=3, *P<0.05 vs. ns, #P<0.05 vs. wild-type mice. an independent sample t-test was used. Abbreviations: WT, wild-type mice; KO, CAF1-knockout mice; ns, normal saline; lPs, lipopolysaccharide; MPO, myeloperoxidase. Notes: elIsa data indicated Il-8 levels in CAF1-knockout mice challenged with ns were comparable to those in wild-type mice (A). It revealed a great increase in Il-8 both in wild-type and CAF1-knockout mice following lPs stimulation, and Il-8 levels in CAF1-knockout mice were greatly higher than those in wild-type mice (A). Western immunoblot band density data showed that IcaM-1 levels in wild-type mice challenged with ns were comparable to those in CAF1-knockout mice (B). lPs stimulation greatly increased IcaM-1 expression in both wild-type and CAF1 − / − mice compared to ns stimulation. IcaM-1 levels in CAF1 − / − mice stimulated with lPs were greatly more than those in lPs-stimulated wild-type mice (B). elIsa and Western immunoblot band density data are expressed as mean ± seM. n=3, *P<0.05 vs ns, #P<0.05 vs wild-type mice. an independent sample t-test was used. Abbreviations: WT, wild-type mice; KO, CAF1-knockout mice; ns, normal saline; lPs, lipopolysaccharide; IcaM-1, intercellular adhesion molecule-1; Il-8, interleukin-8; seM, standard error of the mean; elIsa, enzyme-linked immunosorbent assay. 
Discussion
Acute lung injury is characterized as acute lung inflammation with PMN adhesion, accumulation, and infiltration into the lung tissue. 9 Both ICAM-1 and IL-8 play important roles during acute lung injury. 12 Our previous study showed that CAF1 is involved in the regulation of ICAM-1 and IL-8 expression in human pulmonary microvascular endothelial cells in vitro. Whether CAF1 could exert its effect on ICAM-1 and IL-8 expression in vivo and eventually influence acute lung injury remain unclear. In the present study, we showed that LPS stimulation led to higher IL-8 and ICAM-1 expression and more severe lung histological injury in CAF1 − / − mice compared to the wild-type mice, which reveals an important role for CAF1 in LPS-stimulated IL-8 and ICAM-1 expression in vivo and affects the progression of acute lung injury.
CAF1 is a subunit of the CCR4-NOT complex and has been reported to be required for the degradation of mRNA with ARE at 3′-UTR. 3 Considering that both ICAM-1 and IL-8 mRNAs have ARE at 3′-UTR, we examined ICAM-1 and IL-8 expression in CAF1 − / − and wild-type mice at mRNA and protein level. The results showed that IL-8 and ICAM-1 mRNA and protein levels in CAF1 − / − mice with NS stimulation were comparable to those in wild-type mice. IL-8 and ICAM-1 levels in CAF1 − / − mice stimulated with LPS were significantly higher than those in wild-type mice with LPS stimulation. These results in vivo are not completely the same as the results in vitro obtained in our previous study. 7 In brief, CAF1 deficiency did not influence IL-8 and ICAM-1 expression in the intact mice but significantly increased IL-8 and ICAM-1 levels after LPS stimulation compared to the wild-type mice. We postulate that other factors (such as CNOT8) in mice may compensate for CAF1 deficiency; however, LPS stimulation inactivates those factors. A previous study reported that both CAF1 and CNOT8 are ubiquitously expressed in adult mouse tissues, 13 and another study showed CAF1 and CNOT8 have overlapping roles in vitro. 14 Whether CNOT8 compensates CAF1 in vivo has not been completely known. Recently, Maryati et al 15 reported that CAF1 and CCR4 are both required for deadenylation by the human CCR4-NOT nuclease module. Whether CCR4 is necessary for RNA degradation in mice also remains unclear. Considering the critical roles of IL-8 and ICAM-1 in acute lung injury, 16, 17 LPS-induced significant increase in IL-8 and The Journal of Inflammation Research is an international, peer-reviewed open access journal that welcomes laboratory and clinical findings on the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and includes a very quick and fair peer-review system. Visit http://www.dove press.com/testimonials.php to read real quotes from published authors.
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CAF1
− / − mice are more susceptive to LPS-induced acute lung injury ICAM-1 in CAF1 − / − mice compared with the wild-type mice could lead to more severe lung inflammation and lung injury, which is in accordance with the histological results.
Previous studies reported that CAF1 − / − mice have abnormal spermatogenesis and increased bone mass. 18, 19 In the present study, we showed that CAF1 − / − mice demonstrated more severe LPS-induced acute lung injury, which was probably due to increased IL-8 and ICAM-1 expression. Whereas, whether abnormal spermatogenesis or increased bone mass was involved in inflammation remains unknown. The present study, together with the previous studies, showed that CAF1 is a multifunctional protein. The upstream and downstream components of CAF1 and the factors that compensate for it are poorly understood. Further studies are needed to answer these questions.
Conclusion
The present results indicate that LPS stimulation led to higher IL-8 and ICAM-1 expression and more severe lung histological injury in CAF1-knockout mice compared to the wild-type mice, which reveals an important role for CAF1 in LPS-stimulated IL-8 and ICAM-1 expression in vivo and affects the progression of acute lung injury.
